The complex recess and gate shape of modem compound FETs greatly affect the device parasitics and therefore impose the need for proper description of the device geometry and surface conditions in any practical device simulations. In this paper we describe a new Monte Carlo (MC) module incorporated in our Heterojunction 2D Finite element FET simulator H2F ].
INTRODUCTION
Most modem sub micrometer compound FETs are single or double recess devices with complicated recess geometries. In some state of the art 100 nm gate length FETs the length of the recess region is comparable to the length of the gate. The device parasitics are strongly affected by the shape and surface conditions of the recess. These parasitics are critical to the device performance and it is therefore important that the Monte-Carlo simulators should allow for a precise description of the device geometry and proper handling of the surface effects. The use of finite elements as a discretization approach offers the necessary flexibility. Most MC simulators consider oversimplified planar or rectangular solution domains to represent the simulated compound FET. In addi-127 tion, the surface potential pinning effects are normally neglected.
In this paper we report on a new Monte Carlo (MC) module incorporated in our Heterojunction 2D Finite element FET simulator H2F and based on quadrilateral finite elements. The capabilities of the new finite element MC module are illustrated in example simulations of a 200nm gate length pseudomorphic HEMT fabricated in the Nanoelectronics Research Centre of Glasgow University.
THE MONTE CARLO MODULE
The Galerkin finite element approach has been adopted to solve Poisson's equation.
where P3 is the bulk charge density and 9z is the interface and surface charge density. The integration over quadrilateral elements during the discretization is carried out by a linear isoparametric mapping of each element into a unit rectangle. Using the notations in Fig. the 
where x and y are the global physical co-ordinates and and q are the local unit element co-ordinates. This mapping is also used to calculate the electric field at each element and to check the position of particles in the grid. 3 4 The position of a particle with reference to a given quadrilateral element is determined using the isoparametric transformation (x,y) (, rl). The electric fields are updated at every 1-5 fs depending on the minimum element size and the doping concentration in the heavily doped cap layers of our devices.
Modelling the contacts at the left and right hand edges of the devices poses some difficulties as little is known about the physical penetration of the ohmic contacts through the device layer structure. We have implemented an ohmic contact model that fixes the number of particles in each material layer in the contact region to an initial value obtained by the initial non-linear solution of the Poisson's equation [2] .
The MC module was used to study the transient behaviour of FETs. This relies on estimating properly the instantaneous source and drain currents. In theory, the conduction component of the current can be estimated by counting the net number of particles entering or leaving the contacts. The discrete massive super particles makes it difficult to extract reliable time-dependent currents and the counting technique is only useful in evaluating the steady-state currents. In the transient simulations the instantaneous source and drain currents are estimated using a statistical enhancement method [3] which takes into consideration the contribution of all particles in the source and drain regions to the conduction currents. The displacement currents are also evaluated at each time step. FIGURE Isoparametric transformation: maps the quadrilateral element into a unit square and vice-versa A complete ensemble Monte Carlo procedure in a single quadrilateral element is the building block of our Monte Carlo module. The motion of each particle is traced, both in momentum space and in real space, under the influence of an averaged uniform electric field. The shape functions are also used in the charge assignment process where the total charge of every super particle is assigned to the four nodes of the quadrilateral element in proportion to the different appropriate areas in the normalised domain and defined by the shape functions.
RESULTS AND DISCUSSION
In this section we demonstrate the capabilities of the Monte Carlo simulation module by example simulations of short recess gate 200nm pseudomorphic HEMT. The layer structure of the recessed p-HEMT is shown in figure (2) . Figure (3) 
CONCLUSION
In this paper we have described a new Monte Carlo module that is capable of modelling accurately recessed gate MESFETs and HEMTs. An important feature of our particle simulation approach is the use of a quadrilateral Finite-Element discretization scheme to represent the device geometry in the best possible way. The capabilities of our module has been illustrated in example simulations of compound FETs.
The transient response of the example p-HEMT showed oscillations that are related to the doping level at the donor layer.
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